Introduction and Objective: Conflicting data exists regarding the impact of body mass index (BMI) on postoperative outcomes following surgery for renal malignancies (RM). Herein, we investigated associations between obesity, hypoalbuminemia, and/or significant weight loss in the preoperative period, and risk complications and mortality within 30 days of radical (RN) or partial nephrectomy (PN).
INTRODUCTION
In 2017, over 40,000 men and 23,000 women in the United States will receive a diagnosis of cancer involving the kidney and renal pelvis [1] . Surgical resection is the cornerstone of treatment for localized renal malignancy (RM) [2] . Nephron-sparing surgery or partial nephrectomy (PN) is the standard of care in small, localized RM, while larger, central, or endophytic tumors often warrant radical nephrectomy (RN). Extirpation of RM via either PN or RN can be approached using either an open or minimally invasive approach [2] .
Preoperative nutritional status is increasingly acknowledged to be of critical importance with respect to postoperative outcomes and perioperative risk stratification. Indeed, malnutrition has been associated with an increased risk of postoperative complications and mortality in the pediatric, cardiac, orthopedic, and general surgery literature [3] [4] [5] [6] [7] [8] . Malnutrition may be characterized using variable definitions, including unintentional weight loss, low body mass index (BMI) according to the World Health Organization criteria (BMI;<18.5 kg/m 2 ) as well as hypoalbuminemia (<3.5 g/dl) [9] . The Academy of Nutrition and Dietetics and the American Society for Parenteral and Enteral Nutrition (A.S.P.E.N.) define malnutrition on the basis of 6 characteristics: insufficient energy intake, weight loss, loss of muscle mass, loss of subcutaneous fat, localized or generalized fluid accumulation, and diminished functional status, of which 2 must be present to diagnose malnutrition [10] . Regarding serum albumin, A.S.P.E.N. demonstrated that this acute phase protein does not consistently change with weight loss or caloric restriction and may not be a reliable indicator of malnutrition [10] [11] [12] [13] . Therefore, we present albumin as a possible limitation in our discussion.
In the urologic literature, poor preoperative nutritional status appears to be strongly associated with oncologic outcomes following surgery, including cancer-specific and overall survival [9, [14] [15] [16] [17] [18] . Additionally, among patients with metastatic RM undergoing cytoreductive nephrectomy, malnutrition as defined by hypoalbuminemia has been associated with perioperative mortality [15] . However, beyond this report, the association between preoperative nutritional status and early postoperative morbidity and mortality following PN and RN across stages of RM remains inadequately characterized. Furthermore, there is conflicting data regarding associations between obesity, as defined by BMI >30 kg/m 2 , and perioperative outcomes after PN and RN, as some authors have reported increased perioperative morbidity among patients with obesity [16, 17] , while other reports have failed to find any such association [16, 19, 20] .
Understanding potentially modifiable risk factors for perioperative complications is of the utmost importance. Therefore, the objective of this study was to test the hypothesis that malnutrition, as defined by BMI-based criteria for underweight (BMI<18.5 kg/m 2 ), hypoalbuminemia, and/or significant weight loss in the preoperative period is associated with increased risk of complications and mortality within 30 days following surgery, using a population-based cohort of patients with RM treated with either PN or RN. Additionally, a secondary objective was to assess how these perioperative outcomes were associated with increasing severity of obesity, according to BMI.
MATERIALS AND METHODS
We performed a retrospective review of the American College of Surgeons National Quality Improvement Program (ACS-NSQIP) database from 2005-2012. This is a nationally validated, prospectively maintained dataset that includes 135 patient-level clinical and surgical variables and tracks 30-day complications and mortality for major surgical procedures.
PN and RN cases performed for RM were extracted from the database using ICD-9 codes for RM and Current Procedure Terminology codes for RN (50545, 50230, 50220, 50225, 50234, 50236, 50543, 50546, 50548, 50549) and PN (50240). To minimize the risk of confounding related to coincident procedures that may have increased the complexity of the surgery, and therefore the potential risk for complications, cases were excluded for concurrent procedures that were likely to be unrelated to a primary diagnosis of RM.
Preoperative nutritional factors extracted included preoperative albumin (<3.5 g/dl vs. >3.5 g/dl), documented weight loss >10% within 6 months prior to surgery and preoperative BMI (categorized as underweight, normal weight, overweight, class I, II, and III obesity as ≤18.5, 18.5-24.9, 25-29.9, 30-34.9, 35-39.9, and ≥40 kg/m 2 respectively).
Statistical analysis
Clinical, tumor, demographic, and treatmentrelated factors were compared between patients (history of MI, prior percutaneous catheterization, previous cardiac surgery, history of angina, paralysis, history of stroke, peripheral vascular disease, alcohol use, and chemotherapy or radiotherapy) were phased out from collection by NSQIP in 2011 and as therefore only available for a subset of our cohort. Missing values were handled as follows: for descriptive continuous statistics, only the patients for whom the variable was available were included in that variable's distribution. In the univariate and multivariable modeling, for features with a significant number of patients with unknown values, missing data was included as a separate "unknown" category, or if only missing for a small number, was collapsed with the normal category and or excluded for continuous data, as specified in the multivariable tables. In total, 29 patients were excluded from the final multivariable modeling due to missing data. The outcomes of interest included major and minor complications and mortality within 30 days of surgery. Complications included cardiac arrest, MI, pneumonia, ventilator >48 hours, reintubation, deep surgical site infection (SSI), organ space SSI, superficial SSI, sepsis or septic shock, deep vein thrombosis, pulmonary embolism, renal insufficiency or failure, return to the operating room, intraoperative or postoperative transfusion with 72 hours, wound disruption, cerebrovascular accident/stroke, coma >24 hours, peripheral nerve injury, 30-day mortality, and urinary tract infection. The proportion of patients who required transfusion were assessed but not included in the final models. Univariate and multivariable logistic regression were performed to evaluate associations Cytoreductive surgery was performed in 374 patients (4.3%, coded as "disseminated cancer" in the NSQIP dataset). PN was undertaken in 1,435 (16.7%) patients. In total, 5,354 patients (62.2%) met criteria for ASA Class III-V, and 174 (2.0%) of patients were either partially or totally dependent with respect to functional status. Preoperative demographic, clinical, and comorbidity data is summarized in Table 1 .
The prevalence of the nutritional features of interest (BMI, preoperative albumin level and preoperative weight loss) are summarized in Table 2 . The median BMI of the study cohort was 29.2 kg/m 2 , with 2,126 (24.9%), 1,018 (11.9%), and 704 (8.2%) with class I, II, and III obesity respectively. Thus, the overall prevalence of obesity in the study cohort was 45.0% (n = 3,848) while 2,936 (34.0%) of the population were overweight, and 95 (1.1%) were underweight. Significant (>10%) weight loss in the 6 months preceding surgery was observed in 223 (2.6%) patients. Serum albumin was available in 5,163 patients (59.9%). Median preoperative albumin was 4 g/dL (IQR: 3.7, 4.3; range 1-7.1). Of patients with available serum albumin, 796 (15.4%) had albumin<3.5 g/dL. Figure 1 demonstrates the distribution of the two nutritional features of interest according to BMI category. Patients who were underweight according to BMI category (BMI<18.5 kg/m 2 ) had the highest proportion of hypoalbuminemia and significant weight loss as a percentage of their total body weight in the 6 months preoperatively (p < 0.001 for both).
Complications occurred in 1,802 of 8,618 patients (20.9%) within 30 days postoperatively and there were 88 deaths (1.0%). Mean post-operative length of stay was 4.4 days (SD 4.0, range 0-82). Complications necessitating reoperation were observed in 253 patients (2.9%) within an average of 9.9 days (SD 8.3, range 0-30). Readmission within 30 days was available for 5,758 patients (2011-2012 only) and was observed in 370 patients treated in that time period (6.4%). Respiratory complications (pneumonia, use of ventilator >48 hours, and reintubation) occurred in 237 patients (2.8%). The prevalence of specific complications by type are detailed in Table 3 . Blood transfusions were administered in 1,170 (13.6%). In Regarding mortality within 30 days of surgery, only >10% weight loss in the 6 months prior to surgery (OR 2.39, 95%CI 1.11-5.14; p = 0.03) was statistically significantly associated with the outcome of interest, while preoperative serum albumin<3.5 g/dL (OR 1.72, 95%CI 0.98-3.00; p = 0.06) did not demonstrate a complete association with 30-day mortality. Conversely, there were no significant associations between obesity or underweight and 30-day mortality, after adjusting for surgical approach, age, ASA class, eGFR, metastatic disease burden, and smoking (Table 4B ). The c-index for this model was 0.83.
To better characterize patients with a BMI >40 kg/m 2 , >10% preoperative weight loss, and a preoperative albumin <3.5 g/dl, contingency tables were included to compare groups based on age, sex, race, smoking status, preoperative comorbidities, laparoscopic vs. open approach, ASA class, metastatic vs. non-metastatic disease, and PN vs. RN. Patients with a BMI >40 kg/m 2 were more likely to be aged 50-59 (n = 226; p < 0.001), received a radical nephrectomy (n = 570; p < 0.001), and had a history of hypertension requiring medication (n = 549; p < 0.001; Table 5 ). Significant preoperative weight loss was associated with receipt of radical nephrectomy (n = 212; p < 0.001), an open surgical approach (n = 133; p < 0.001), and ASA class 3-5 (n = 157; p = 0.010; Table 6 ). Preoperative hypoalbuminemia was associated with age 60-69 (n = 247; p < 0.001), ASA class 3-5 (n = 656; p < 0.001), and history of hypertension requiring medication (n = 555; p = 0.002; Table 7 ).
DISCUSSION
Postoperative complications have been reported to affect up to one quarter of patients following surgery for RM and are associated with both in-hospital mortality and total hospitalization costs [21] . In this study, we assessed the association of BMI and malnutrition with major complications and mortality within 30 days of surgery in 8,618 patients undergoing PN or RN for RM. In this study cohort, the median BMI was 29.2 kg/m 2 , with an overall prevalence of class I-III obesity of 45% while only 1.1% were underweight. Significant weight loss (>10%) was observed in 2.6% of patients and 15.4% of patients for whom albumin was available had a preoperative albumin of <3.5 g/dl. As for our outcomes of interest, a total of 1,802 complications (20.9%) and 88 deaths (1.0%) were observed within 30 days after surgery. Additionally, we observed an increased risk of complications with RN compared to PN on multivariable modeling. This may be due to an increased risk of chronic kidney disease with RN compared to PN [22] or due to lower complexity related to smaller tumors. Unfortunately, we were unable to account for tumor size, stage, or surgical complexity due to limitations of tumor-specific covariates in the dataset.
We observed that morbid obesity, significant weight loss within 6 months, and serum albumin <3.5 g/dl were independently associated with an increased risk of complications 30 days of surgery. However, significant weight loss was the only nutritional factor independently significantly associated with an increased rate of mortality within 30 days of surgery while there appeared to be a trend with respect to preoperative hypoalbuminemia and early postoperative death. These results highlight the importance of assessing preoperative factors of malnutrition in patients undergoing PN or RN for RM.
The relationship between nutritional status and surgical outcomes has been previously described in patients treated for cancers of the kidney. Morgan and colleagues reported that nutritional deficiency was independently associated with overall mortality (Hazard Ratio [HR] 2.41, 95%CI 1.40-4.18) and disease-specific mortality (HR 2.76, 95%CI 1.17-6.50) in 369 patients undergoing surgical treatment for kidney cancer [14] . Nutritional deficiency was defined as a BMI of <18.5 kg/m 2 , serum albumin <3.5 g/dl, or preoperative weight loss >5%. Overall survival was 58.5% in the nutritionally deficient cohort vs. 85.4% in controls (p < 0.001). Diseasespecific survival was 80.4% and 94.7%, respectively (p < 0.001).
Similarly, Abel and colleagues described that a preoperative serum albumin <3.4 g/dl was a predictor of 90-day mortality on univariate analysis in 162 patients undergoing surgical treatment for kidney cancer with concomitant IVC thrombus above the hepatic veins (OR 8.61, 95%CI 1.81-40.94; p = 0.01) [15] . On multivariable analysis serum albumin <3.4 g/dl was an independent predictor of 90-day mortality (OR 10.13, 95%CI 1.56-65.64; p = 0.02). Within this cohort, 17 patients (10.5%) underwent surgical treatment with a preoperative serum albumin <3.4 g/dl. The authors recommended delaying surgical treatment until serum albumin levels were within normal limits.
The association between preoperative nutritional status and surgical complications for other genitourinary malignancies have also been described in the literature. Johnson and colleagues reported that poor preoperative nutritional status, defined by serum albumin <3.5 g/dl, was an independent predictor of having a postoperative complication in 1,213 patients who underwent radical cystectomy for bladder cancer on multivariable analysis (p = 0.03) [9] . Respiratory complications were most significantly associated with a serum albumin <3.5 g/dl (19% vs. 6%; p < 0.01). BMI was not found to be an independent predictor of increased overall complication rate on multivariable analysis; however, an increased BMI was significantly associated with developing a superficial wound infection (p < 0.001), would dehiscence (p = 0.01), renal insufficiency (p = 0.01), and returning to the OR (p = 0.05) on univariate analysis.
Our study has certain limitations related to its retrospective study design that must be addressed. The use of registry data may be limited due to abstractor accuracy and limited variables or granularity of the data [23] . Importantly, the NSQIP database does not provide tumor stage, grade, and size data, which is a limitation when using this database. The NSQIP database also provides only 30-day outcomes, and not 90-day outcomes. Furthermore, we observed that serum albumin data was only available in 60% of the cohort, which may introduce bias into the study results. As noted, those patients for whom albumin was missing were included in the overall models as a separate category, however, this likely represents a heterogeneous group. Furthermore, albumin is an acute phase reactant that can fluctuate with inflammation and as a single measurement may be an unreliable indicator of nutritional status [24] . Additionally, when assessing true body composition, BMI is nonspecific and does not differentiate excessive adipose tissue from lean muscle mass, which may have implications for both oncologic outcomes as well as perioperative morbidity [25] [26] [27] . For example, BMI has been demonstrated to mask sarcopenia, which has been associated with both increased mortality and postoperative complications in kidney cancer [28] , as well as in breast, rectal, esophageal, and head and neck malignancies [29] [30] [31] [32] .
Despite these limitations, to our knowledge this is the first study that demonstrated the association Table 5 Relationship of morbid obesity, hypoalbuminemia and significant weight loss with 30-day complications and/or mortality in a large population-based cohort undergoing PN or RN for RM. This data demonstrates implications for preoperative risk stratification based upon a patient's nutritional status. To better characterize patients at risk for postoperative complications, we recommend assessing preoperative serum albumin as a marker of malnutrition. Furthermore, patients at risk for adverse outcomes may potentially be identified preoperatively permitting prehabilitative and perioperative nutritional interventions to be implemented accordingly. Surgical rehabilitation includes the use of aerobic and resistant exercises and nutritional optimization to a preoperative albumin of >4 g/dl to improve postoperative outcomes [33, 34] . In a recent randomized control trial, preoperative nutritional interventions were compared in patients undergoing colorectal resection [35] . Patients that received immunonutrient-enriched supplementation 7 days preoperatively and 5 days postoperatively had reduced postoperative complications compared to patients that received standard high-caloric supplementation. Herein, we suggest including nutritional optimization preoperatively into the medical management of all oncologic patients undergoing surgical treatment for RM.
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Preoperative nutritional status appears to be an important aspect when assessing and treating oncologic patients, particularly when surgery is the primary treatment. Morbid obesity and poor nutritional status, measured by serum albumin level and significant preoperative weight loss, were all significantly associated with increased moderate-tosevere postoperative complications and/or mortality. Finally, these findings suggest the importance of preoperative risk stratification and counseling prior to surgical treatment of RM. Future work is necessary to better evaluate the correlation of nutritional status and surgical complications in patients undergoing surgical treatment for kidney cancer in a prospective study design. 
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